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 PILEATED WOODPECKER TREES

 Pileated woodpecker nest and roost

 trees in Montana: links with old-

 growth and forest "health"

 B. Riley McClelland and Patricia T McClelland

 Abstract The pileated woodpecker (Dryocopus pileatus) is of special interest to wildlife man-
 agers; it requires large trees for nesting, and its abandoned excavations are used by
 many birds and other small animals for nesting, roosting, hiding, and feeding. Prior
 to our study, little had been published on pileated woodpecker habitat in the northern
 Rocky Mountains. From 1973 through 1995, we located nest and roost trees of pileat-
 ed woodpeckers in northwestern Montana forests dominated by western larch (Larix
 occidentalis) and Douglas-fir (Pseudotsuga menziesii). Nests (1 13 in 97 trees) were in
 western larch (n=52), ponderosa pine (Pinus ponderosa, n=18), black cottonwood
 (Populus trichocarpa, n=15), trembling aspen (Populus tremuloides, n=7), western
 white pine (Pinus monticola, n=3), grand fir (Abies grandis, n=l), and Douglas-fir
 (n=l). Nest-tree diameter-at-breast-height averaged 73 cm, and height averaged 29 m.
 Roost trees (n=40) were similar to nest trees, but had more cavity entrances and high-
 er basal area of surrounding forest. Nest trees and roost trees typically were snags
 (81% and 78%, respectively) with broken tops (77% in both). Old-growth stands con-
 taining western larch were common nesting sites for pileated woodpeckers. Old-
 growth ponderosa pine, black cottonwood, and trembling aspen were locally impor-
 tant, but their distribution was more restricted. Compared to other nest-tree species
 in Montana, undecayed larch wood is hard, making excavation difficult for wood-
 peckers. Heartwood decay, which softens the wood, becomes more prevalent as a for-
 est matures and was characteristic of western larch nest trees. In the northern Rocky
 Mountains, the pileated woodpecker has been used too broadly and simplistically as
 a management indicator of old growth. A more realistic strategy would nurture west-
 ern larch old growth, defined ecologically, as an indicator of high-quality nesting
 habitat for pileated woodpeckers. Large trees, logs, snags, carpenter ants
 (Camponotus spp.), and heartwood decay are intrinsic components of "healthy" old
 growth that sustains pileated woodpeckers.

 Key words Dryocopus pileatus, forest health, indicator species, nest trees, pileated woodpecker,
 roost trees, western larch

 In Montana, the range of the pileated woodpeck- pileated woodpecker and western larch do not
 er (Dryocopus pileatus) is mainly west of the extend south of Montana. Description of pileated
 Continental Divide (Montana Bird Distribution woodpecker ecology from the northern Rocky
 Committee 1996) and similar to the distribution of Mountains has been reported only as preliminary
 western larch (Larix occidentalis, Schmidt et al. results (McClelland and Frissell 1975, McClelland
 1976). In the Rocky Mountains, the ranges of the 1979, and McClelland et al. 1979). An evaluation of

 Authors' address: School of Forestry, University of Montana, Missoula, MT 59812 , USA. Authors' present address: Box 366, West
 Glacier, MT 59936, USA.

 Wildlife Society Bulletin 1999, 27(3):846-857

 846

 Peer refereed

This content downloaded from 166.7.157.101 on Tue, 10 Apr 2018 13:18:09 UTC
All use subject to http://about.jstor.org/terms



 Pileated woodpecker trees * McClelland and McClelland 847

 pileated woodpecker habitat in the northern Rocky
 Mountains is important because the species has
 been used by the United States Forest Service as an
 old-growth indicator. The species also deserves spe-
 cial attention because it is a "pathfinder" (Kneitz
 1961). Via its abandoned cavities, the pileated
 woodpecker creates nesting, roosting, hiding, and
 feeding sites (pathways) used by other birds, small
 mammals, reptiles, amphibians, and invertebrates
 (McClelland 1979, Bull and Jackson 1995). Our
 objectives were to characterize nest and roost trees
 and to deduce conservation implications for west-
 ern larch forests. We recognize that nest and roost
 trees are only part of the specific resources that
 comprise pileated woodpecker habitat. In refer-
 ring to pileated woodpecker "habitat quality," we
 imply the definition of Hall et al. (1997:178):"...the
 ability of the environment to provide conditions
 appropriate for individual and population persist-
 ence."

 Study area
 Our work focused on western larch forest types

 in the Coram Experimental Forest (CEF) in the
 Flathead National Forest, and in Glacier National
 Park (GNP), 8 km north of the CEE CEF (3,019 ha)
 was established to study western larch ecology and
 management (Shearer 1998). CEF annual precipita-
 tion averaged 89 cm, and elevation ranged from
 1,067 m to 1,920 m. About 70% of the CEF forest
 had not been logged and was classified as mature or
 old (H. Trechsel, United States Forest Service, per-
 sonal communication). Old growth was dominated
 by Douglas-fir (Pseudotsuga menziesii) and west-
 ern larch, many of which were 300 years old and
 some 500 years old (United States Forest Service
 1979). GNP encompasses 410,000 ha, including
 approximately 40,000 ha of western larch and
 Douglas-fir forest (C. Key, geographer, National Park
 Service, personal communication) similar to the
 CEF old-growth stands. Nearly all of GNP has never
 been logged.

 The western larch-Douglas-fir forests where we
 worked had varying components of subalpine fir
 (Abies lasiocarpa), grand fir (Abies grandis),
 Engelmann spruce (Picea engelmannii), western
 white pine (Pinus monticola), lodgepole pine
 (Pinus contorta), western hemlock (Tsuga hetero-
 pbylla), and western red cedar (Thuja plicata).
 Ponderosa pine (Pinus ponderosa) existed as iso-
 lated individuals or small enclaves. Black cotton-

 wood (Populus trichocarpa) and paper birch
 (Betula papyrifera) occurred primarily in riparian
 areas. Trembling aspen (Populus tremuloides)
 groves were scattered and isolated within the west-
 ern larch-Douglas-fir stands.

 Methods

 To find active nests and roosts of pileated wood-
 peckers during 1973-1995, we searched forests
 where western larch was a major component. We
 systematically searched the entire uncut portion of
 the CEE In GNP and nearby national forest lands,
 we hiked roads, trails, and cross-country routes
 selected to maximize area covered. We recorded

 active roost trees in all seasons. We used auditory
 cues: sounds of nest-cavity excavation, persistent
 localized high calls or drumming (Kilham 1959), or
 vocalizations from young in the nest. Occasionally,
 we were led to an active pileated woodpecker nest
 by alarm "cuks" from adult pileated woodpeckers
 reacting to sharp-shinned hawks (Accipiter stria-
 tus) near the nest tree (Kilham 1958, Smith 1983).
 Unweathered chips at the base of a tree confirmed
 current year excavations. We recorded a cavity as
 an active nest only if we confirmed incubation or
 presence of young. We located most roosts by
 tracking loud "cuking" vocalizations during evening
 roost flights or by listening for the first "high call"
 in the morning (Hoyt 1957, Kilham 1974). We
 recorded a cavity as an active roost if full entrance
 of an adult was observed.

 For each nest or roost tree, we recorded: species,
 diameter-at-breast-height (dbh), height, condition
 (intact-top snag, broken-top snag, broken-top live,
 dead-top live, or intact-top live [all standing dead
 trees were classed as snags]), fire scar present or
 absent, conk present or absent, percentage of bark
 remaining, terrain slope, slope aspect, elevation,
 percentage canopy cover, basal area of the sur-
 rounding forest, nest height, and orientation of the
 nest opening. If bark was absent at the base of a
 nest or roost tree, we adjusted dbh to include bark
 thickness.

 We did not sample vegetation around nest trees.
 As a rough measure of pileated woodpecker nest-
 tree selection between western larch and Douglas-
 fir, we compared nest trees from the entire study
 area with availability based on a United States
 Forest Service complete inventory of trees on plots
 totaling 33 ha on the CEF (data from R. Benson,
 United States Forest Service, personal communica-
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 Table 1. Number and condition of pileated woodpecker nest and roost trees in northwest-
 ern Montana, 1973-1995.

 Tree condition

 Tree Intact-top Broken-top Broken-top Dead Intact-top
 species snag snag live top live live Totals(%)
 Western larch

 nests 9 28 4 3 7 51 (53)a
 roosts 3 14 3 4 2 26(65)

 Douglas-fir
 nests 1 0 0 0 0 1(1)

 roosts 1 0 0 0 0 1 (2)

 Ponderosa pine
 nests 2 15 1 0 0 18(19)

 roosts 1 3 0 0 0 4 (10)

 Western white pine
 nests 2 1 0 0 0 3 (3)

 roosts 0 0 0 0 0 0 (0)

 Grand fir

 nests 0 1 0 0 0 1(1)

 roosts 0 0 0 0 0 0 (0)

 Black cottonwood

 nests 1 14 0 0 0 15 (16)

 roosts 2 7 0 0 0 9 (23)

 Aspen
 nests 3 0 1 0 3 7 (7)

 roosts 0 0 0 0 0 0 (0)

 Total no.(%)
 nests 18(19) 59(62) 6(6) 3(3) 10(10) 96 (100)a
 roosts 7(18) 24 (60) 3 (7) 4 (10) 2 (5) 40 (100)

 trees 25(18) 83(61) 9(7) 7(5) 12(9) 136(100)

 a Condition description missing on one nest tree.

 tion). For this analysis (Neu et al. 1974, Byers et al.
 1984), we used only sample plot trees with dbh
 >38 cm, the smallest used as a pileated woodpeck-
 er nest or roost tree in our study. Although the
 United States Forest Service considered the CEF for-

 est typical of northern Rocky Mountain western
 larch-Douglas-fir forests (Barger 1979), results of
 this analysis should be extrapolated with caution
 because of geographic site differences. To deter-
 mine whether nest-cavity wood was sound, we col-
 lected excavation chip samples from the ground
 below cavities. Chips were inspected for visual evi-
 dence of decay. Specific gravity of the chips was
 calculated by the volume-displacement method.
 We compared continuous nest-tree and roost-tree
 characteristics using t-tests after testing equality of
 variances and normality (SAS Institute Inc. 1988).
 We used Chi-square contingency tables for categor-
 ical variables (Everitt 1992).

 Results

 We found 113 active nests

 in 97 trees and 51 active

 roosts in 40 trees. Fifty-six
 percent of the nest and
 roost trees were in the CEF

 or GNP, whereas the others

 were on nearby national for-
 est or private land. Fifty-
 seven percent of nest and
 roost trees were western

 larch; only one nest and one
 roost were in Douglas-fir.
 Most nest trees (81%) and
 roost trees (78%) were snags
 (Table 1).

 Nest-tree characteristics

 Pileated woodpeckers se-
 lected western larch over

 Douglas-fir for nest trees
 (Z2=595, df=9, P<0.001).
 Broken-top western larch
 snags were the major con-
 tributors to this distinction

 (Figure 1), equally so in the
 CEF and the remainder of

 the study area. Compared
 with intact-top nest snags
 (all species), broken-top nest
 snags were larger (t=-1.51,
 df=75, P=0.13; 78-cm dbh

 and 70-cm dbh), shorter (t=6.31, df=75,P=0.001; 24
 m and 37 m), and had less bark (t=2.62, df=66,
 P=0.01; 27% and 51%). Nest trees where an active
 nest was documented in only one year (n=83) aver-
 aged smaller dbh (t=-2.09, df=95,P=0.04) and more
 bark (t=2.33, df=85, P=0.02) than trees with multi-
 ple year use (n=14). Nests in 2 of the 3 smallest
 dbh trees, a 39-cm-dbh grand fir and a 41-cm-dbh
 trembling aspen, failed during incubation.

 The 18 ponderosa pine nest trees were in groves
 composed almost entirely of ponderosa pine and
 Douglas-fir. Canopy coverage and forest basal area
 at nest trees illustrated the differences between

 comparatively open ponderosa pine old growth
 and the denser western larch old growth (Table 2).
 In riparian forests, composed primarily of black cot-
 tonwood, white spruce (Picea glauca), Engelmann
 spruce, western red cedar, Douglas-fir, and paper
 birch, we found nests only in large black cotton-
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 Figure 1. Standardized residuals (Everitt 1992) from chi-square
 goodness-of-fit test of western larch and Douglas-fir (>38-cm
 dbh) availability compared to nest-tree selection by pileated
 woodpeckers in Montana, 1973-95. Tree conditions shown
 are: intact-top snag (ITS), broken-top snag (BTS), broken-top
 live (BTL), dead-top live (DTL), and live-top live (LTL).

 wood snags (n=15). All aspen nest trees were in
 monospecific groves of aspen.

 Western larch, ponderosa pine, and black cotton-
 wood nest trees were nearly identical in mean dbh
 (>75 cm). Fire scars were
 western larch, ponderosa
 pine, and aspen nest trees,
 but on only 1 black cotton-
 wood nest tree. Conks, pri-
 marily from Phomitopsis
 officinalis or Phellinus pini
 heartwood decay (identified
 by A. Harvey, forest patholo-
 gist, United States Forest
 Service), were observed on
 26% of larch nest trees. In

 72% of excavation chips
 (n=42), evidence of decay
 was easily visible to the
 unaided eye. The specific
 gravity of western larch nest

 excavation chips ranged
 from 0.15 to 0.38 (-0.28,
 SE=0.02, n=13). This was
 outside the 95% confidence

 interval reported for unde-

 present on >50% of

 cayed western larch (0.48, Panshin and deZeeux
 1970). Thus, each of the chip samples had been
 substantially altered by decay.

 Cavity reuse
 Pileated woodpecker nesting reuse of a cavity is

 rare (Bent 1939, Bull and Jackson 1995). We docu-
 mented reuse in 2 nest trees. In a broken-top west-
 ern larch snag (91-cm dbh), the same cavity was
 used successfully in 1975,1976, and 1990. A cavity
 excavated in a broken-top black cottonwood snag
 (48-cm dbh) was a successful nest in 1978, 1979,
 1980, and 1983. The surrounding forest at both
 nest trees provided many other apparently usable
 trees, so cavity reuse did not appear to be the result
 of a lack of alternatives. After the black cottonwood

 snag fell in 1984, the pair nested in a live western
 larch (58-cm dbh) 300 m away.

 Concurrent use of nest trees
 Eight snags, all broken-tops, were used as nest

 sites concurrently by pileated woodpeckers and
 other species: 4 northern flickers (Colaptes aura-
 tus), 2 red-breasted nuthatches (Sitta canadensis),
 and 1 mountain chickadee (Peocile gambeli). An
 osprey (Pandion baliaetus) nested on top of a
 large broken-top larch snag containing an active
 pileated woodpecker nest. A cottonwood snag was
 used simultaneously by a roosting common flicker,
 a roosting hairy woodpecker (Picoides villosus),
 and a nesting pileated woodpecker. We document-

 Table 2. Characteristics of pileated woodpecker nest trees in Montana, 1973-1995.

 Tree species
 Western Ponderosa Black

 larch pine cottonwood Aspen
 Variable (n=52) (n=18) (n=15) (n=7) F P

 dbh x 77 76 75 48 5.65 0.001a

 (cm) range 46-104 59-124 46-120 38-66
 SD 14.2 20.4 25.1 9.6

 Height R 30.7 25.8 23.4 24.0 4.28 0.007b
 (m) range 12.2-50.6 12.2-39.0 11.9-34.8 12.8-30.5

 SD 9.3 7.1 6.7 7.2

 Canopy cover x 49 29 30 48 5.29 0.003b
 (%) range 10-90 0-50 0-90 35-60

 SD 18.8 15.6 28.7 10.4

 Basal area x 33.8 21.0 29.4 31.6 2.39 0.075C

 (m2/ha) range 5.7-82.6 3.4-45.9 0-105.6 18.4-55.1
 SD 15.7 10.5 25.2 12.9

 a Based on Fisher's LSD (xa=0.05), aspen different from other three.

 b Western larch different from ponderosa pine and black cottonwood.

 c Western larch different from ponderosa pine.
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 Table 3. Characteristics of pileated woodpecker nest treesa compared to roost treesb in Montana, 1973-1995.

 Nest trees (n=89) Roost trees (n=32) Differences in means

 Variable Mean Range SE Mean Range SE t df P

 Tree dbh (cm) 73.4 38.0-124.0 1.9 76.1 47.0-109.0 3.0 -0.73 119 0.46

 Tree height (m) 29.0 11.9-50.6 1.0 30.4 12.8-57.9 1.9 -0.70 119 0.48
 Cavity height (m) 15.9 5.5-29.9 0.6 16.3 7.3-37.2 1.1 -0.35 117 0.73
 % bark remaining 50 0-100 4.6 49 0-100 8.0 0.06 106 0.96
 % canopy closure 41 0-90 2.7 51 0-90 5.4 -1.79 86 0.08
 Basal area (m2/ha) 30.8 0-105.6 1.9 40.6 6.9-91.8 3.7 -2.57 112 0.01

 % slope 11 0-33 1.1 8 0-35 1.8 1.35 106 0.18
 Aspect (degrees) 145 1-360 13.2 114 1-358 20.5 1.24 113 0.21
 No. nest holes 2.1 1-9 0.2 3.4 1-11 0.4 -3.32 107 0.00

 a Trees for which only nesting was documented.

 b Trees for which only roosting was documented.

 ed use of abandoned pileated woodpecker nest
 cavities byVaux's swift (Chaetura vauxi), northern
 saw-whet owl (Aegolius acadicus), western
 screech owl (Otus kennicottil), American kestrel
 (Falco sparverius), flying squirrel (Glaucomys
 sabrinus), red squirrel (Tamiasciurus hudsoni-
 cus), and pine marten (Martes americana).

 Roost-tree characteristics and use

 Nest trees and roost trees differed in number of

 nest holes and basal area of the surrounding forest
 (Table 3). Male pileated woodpeckers, which did
 most of the nest-cavity excavation, typically began
 roosting in the new cavity when it was complete.
 They invariably roosted in the nest cavity during
 incubation and brooding, whereas the female roost-
 ed in a different tree. Outside the nesting season,
 both members of a pair occasionally roosted in the
 same tree. On successive evenings one winter, we
 saw 3 pileated woodpeckers (2 males, 1 female)
 roost in the same broken-top black cottonwood
 snag (74-cm dbh). Each bird entered a different
 hole that we had seen excavated and used as a nest.

 We did not observe any young return to its nest cav-
 ity after fledging. Although nest cavities tended to
 favor easterly directions, roost holes did not (Table
 4); differences between nest and roost hole orien-
 tation were not significant (X2=4.87, df=3,
 P=0.182).

 Discussion

 Nest-tree differences
 Although large western larch and Douglas-fir

 were about equally represented in our study areas,

 pileated woodpeckers rarely used Douglas-fir as a
 nest tree. Decay characteristics of western larch
 make it more durable than Douglas-fir as a nest tree
 for strong excavators such as the pileated wood-
 pecker. In western larch nest trees, heartwood soft-
 ened by decay is surrounded by more slowly decay-
 ing sapwood, producing a protective shell of rela-
 tively sound wood around a cavity. Sapwood in
 Douglas-fir decays more rapidly; in most beetle-
 killed Douglas-fir, the sapwood is essentially
 destroyed in 4 years (Wright and Harvey 1967).
 However, the value of large Douglas-fir should not
 be minimized. We frequently observed pileated
 woodpeckers excavating carpenter ants (Campo-
 notus spp.) in Douglas-fir snags. The significance of
 the broken top in larch nest trees may be its role as
 a point of entry for the most common heartwood
 decay organisms found in western larch (Boyce
 1930, Hepting 1971).

 Although most of our nest trees were in upland
 forests, riparian sites supporting large cottonwoods

 Table 4. Orientation of pileated woodpecker nest holes
 (n=111 )a and roost holes (n=51) in Montana.

 Cavity
 opening No. of No. of
 direction Quadrant nests (%)b roosts (%)c

 Northeast >0 through 90? 33(30) 11(22)
 Southeast >90 through 180? 36(32) 15(29)
 Southwest >180 through 270? 22(20) 8(16)
 Northwest >270 through 0? 20(18) 17(33)

 a Data missing for 2 nests.

 b Analysis of nest orientation distribution,
 P-0.079.

 c Analysis of roost orientation distribution,
 P=0.282.

 X2=6.8, 3 df,

 Z2=3.82, 3 df,
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 Young pileated woodpeckers peering from nest cavity in a west-
 ern larch snag.

 provided nesting habitat for pileated woodpeckers
 and other cavity nesters. Because we did not inves-
 tigate tree-species availability other than for west-
 ern larch and Douglas-fir, we cannot evaluate pileat-
 ed woodpecker preference comparing larch and
 ponderosa pine, black cottonwood, or aspen.
 However, in northwestern Montana, even if the lat-
 ter species are equally serviceable as pileated
 woodpecker nest sites, they are far less common
 than larch. Soils, water, and climate factors limit
 their distribution. The ranges of ponderosa pine,
 black cottonwood, and aspen extend south of the
 pileated woodpecker's distribution in the Rocky
 Mountains. In southern areas, these otherwise
 appropriate tree species must lack associated forest
 characteristics necessary to support pileated wood-
 pecker territories. We found only 3 pileated wood-
 pecker nests in western white pine, but there were
 few specimens in our area. We suspect that where
 the species is more abundant (e.g., northern
 Idaho), large western white pine snags are impor-
 tant nest sites. Large spruce, common in riparian
 and other bottomland sites, were not observed as
 nest or roost trees.

 Comparisons with other studies
 The similarity between nest and roost trees in

 Montana (Table 3) contrasts with northeastern
 Oregon, where Bull et al. (1992) found that roost
 and nest trees differed in species, condition, dbh,
 slope position, forest type, and number of entrance
 holes. Lawrence (1970), Rumsey (1970), and Bull et
 al. (1992) reported roosting cavity excavation in
 fall, but we observed no cavity excavation outside
 spring. Although many of our roosts were in snags
 with multiple entrances and hollow interiors, we

 believe the interior hollowing developed after
 years of use as a nest tree rather than by pileated
 woodpeckers selecting hollow snags in which to
 excavate roost cavities. In northeastern Oregon,
 although pileated woodpeckers nested primarily in
 ponderosa pine and western larch, they selected
 hollow grand fir in which to excavate roost
 entrances (Bull et al. 1992). Grand fir was uncom-
 mon in our study area. We found many old, unused
 pileated woodpecker nest cavities in larch, pon-
 derosa pine, black cottonwood, and aspen.
 Although some of these cavities were used by other
 species, we believe that unoccupied cavities were
 sufficiently abundant to make pileated woodpecker
 excavation of distinct roost cavities unnecessary.

 Along the foothills east of the Continental Divide
 in northern Montana and in the aspen parklands in
 Alberta, Canada, aspen often is the only tree species
 that reaches sufficient size for pileated woodpeck-
 er nesting. In Alberta, Bonar (1994) found 17 of 18
 nests and roosts in aspen. In British Columbia,
 Harestad and Keisker (1989) found pileated wood-
 peckers nesting in live aspen with heartwood
 decay. In western Montana, there are few aspen
 large enough to hold a pileated woodpecker nest.
 Where other functional nest tree species are miss-
 ing, availability of large aspen makes the difference
 between presence and absence of nesting pileated
 woodpeckers.

 Tree growth in the Rocky Mountains generally is
 much slower than in many other parts of the pileat-
 ed woodpecker's range (e.g., the Pacific Northwest
 and the East). Thus, in the northern Rocky
 Mountains, older forest stands and legacies from
 former stands are needed to provide trees large
 enough for pileated woodpecker nests. Because
 specific resources that compose high quality pileat-
 ed woodpecker habitat vary geographically, gener-
 alizations and extrapolations among areas are of
 limited value.

 Management considerations
 Nest-tree size

 Managers often apply minimum size standards for
 wildlife resource goals that conflict with exploi-
 table resources, e.g., timber. Thus, the smallest
 recorded nest-tree dbh may be adopted as a size
 standard. This approach ultimately could lead to
 extirpation of the pileated woodpecker in affected
 areas. Alternatively, Conner (1979) recommended
 that managers provide optimum quality trees for
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 Figure 3. Adult female pileated woodpecker feeding young in
 nest cavity in a western larch snag.

 woodpeckers, focusing on mean rather than mini-
 mum values. He also stressed providing optimum
 levels of other specific habitat features. For exam-
 ple, important habitat resources include logs and
 trees that sustain ants (Camponotus spp. and
 Formica spp.), primary prey of pileated wood-
 peckers (Bull et al. 1995).

 Conner (1979) urged special attention for endan-
 gered and sensitive species. We believe the pileat-
 ed woodpecker should be considered a sensitive
 species in the northern Rocky Mountains, for rea-
 sons outlined in this paper. Therefore, on multiple-
 use lands, we recommend that pileated woodpeck-
 er nest and roost tree optimum size (dbh) be
 described as the mean plus one standard deviation:
 77-91 cm for western larch, 76-96 cm for pon-
 derosa pine, and 75-100 cm for black cottonwood.
 This range would acknowledge stochasticity in the
 decay process and allow time for nest trees to attain
 appropriate size and condition. This goal is more
 likely to achieve the objective of long-term viability

 and the values would more closely match the "safe
 minimum standard" discussed by Toman and
 Ashton (1996). Broadening the goal range to one
 standard deviation below the mean would foster

 the same problem that initially elicited Conner's
 (1979) concern: when left with a range of choices
 in which timber and wildlife values conflict, man-

 agers usually opt for the minimum for wildlife.
 Although we focused on the pileated woodpeck-

 er in this study, exclusive emphasis on the quality
 of habitat for a single species is ecologically
 unsound. For example, a diversity of tree and snag
 sizes is essential to support other cavity nesters.
 Some woodpecker species in our study area rarely
 nested in large snags. Three-toed woodpeckers
 (Picoides tridactylis) used nest trees with dbh
 x=30 cm (n=31) and black-backed woodpecker (P.
 arcticus) nest trees were c=28 cm (n=10). Trees
 and snags of this small size are easily provided.
 Trees even larger than the recommended optimum
 tree size for pileated woodpeckers are increasingly
 uncommon. They should be nurtured not only for
 a wider range of choice for pileated woodpeckers,
 but for other wildlife (e.g., black bear [Ursus amer-
 icanus] dens) and for their intrinsic aesthetic val-
 ues (Blocker 1995). Thus, a management plan
 needs to perpetuate forest diversity, not simply a
 tree size that fits the paradigm of a single species.

 The pileated woodpecker as an old-
 growth indicator species

 Using the pileated woodpecker as a management
 indicator for old growth has been questioned
 because of concerns about excessive reliance on a

 single species (Landres et al. 1988) and because
 pileated woodpeckers often forage in younger for-
 est stands (Mellen et al. 1992, Bull and Jackson
 1995). We observed pileated woodpeckers forag-
 ing in forest stands other than old growth, and ter-
 ritories usually were not confined to the old-growth
 nesting site (McClelland 1979). However, nesting
 and roosting sites in our study were limited to
 large, old trees in old-growth stands or occasionally
 legacies from former stands. We occasionally saw
 pileated woodpeckers at suet feeders near homes
 and perching or foraging on trees and power poles
 in rural areas. These observations generally were
 confined to the non-nesting seasons, especially
 autumn and winter, when young pileated wood-
 peckers dispersed from natal territories. These for-
 aging areas outside of old-growth nest sites are not
 functional territories by themselves. Perpetuation
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 Adult male pileated woodpecker excavating a nest cavity in a
 black cottonwood snag.

 of the pileated woodpecker and many other forest
 values depends on relationships and interactions
 among stands. Forest ecosystems are not simply
 aggregates of stands. "The whole functions differ-
 ently than the sum of its parts .. .forest ecosystems
 need to be seen as a nested set of structures

 embracing the stand, the watershed, and the phys-
 iographic region" (Toman and Ashton 1996:375).
 The pileated woodpecker's role as an indicator

 species (McClelland 1979) has been too broadly
 applied in some areas as a single-species manage-
 ment panacea for old growth and for the cavity-
 nesting guild. However, we should expect indica-
 tors and models to be experimental and tentative,
 always in need of refinement (Christensen et al.
 1996). Although monitoring protocols for pileated
 woodpeckers have been available (Bull et al. 1990),
 application by the United States Forest Service in
 the northern Rocky Mountains has been sporadic,
 inconsistent, and short-term, not designed to reveal
 long-term population trends. Rather than using the
 pileated woodpecker as an indicator of old growth
 in western Montana forests, western larch, pon-
 derosa pine, and black cottonwood old growth
 could be used as indicators of high-quality nesting
 habitat for pileated woodpeckers (Graul and Miller
 1984). The pitfall with this approach is the pen-
 chant for defining old growth politically, in a way
 that maximizes harvest potential. To be biological-
 ly honest and useful for management, old growth
 must be defined ecologically, on a site-specific
 basis, based on: 1) floral and faunal composition, 2)
 vegetative structure (including snags and logs) and
 canopy layers, and 3) minimum stand size (Thomas
 et al. 1988). Monitoring old-growth status (i.e.,
 degree of change in age structure and composition)

 then would be comparatively straightforward.
 Monitoring the long-term status of pileated wood-
 pecker populations (rather than documenting mere
 existence) would require a great priority for
 wildlife in agency funding and time-consuming
 effort by well-trained personnel. Despite concerns
 about the indicator species concept, the pileated
 woodpecker should be considered a sensitive
 species. The pileated woodpecker warrants that
 concern because of its key role in the cavity-nesting
 guild and its dependence on large trees and old
 growth that are commercially valuable as timber or
 firewood.

 The pileated woodpecker's link with for-
 est "health"

 In western larch forests of Montana, the pileated
 woodpecker is closely associated with forest values
 often considered characteristic of an "unhealthy"
 forest: fire, insects, and disease. Yet, these agents
 have been major factors in forest development in
 the northern Rockies (McClelland 1968, Monnig
 and Byler 1992). Many scientists consider the con-
 cept of forest health or ecosystem health ecologi-
 cally inappropriate (Wicklum and Davies 1995).
 Nevertheless, on many western forests, perceived
 forest-health problems have continued to focus nar-
 rowly on tree health (DellaSala and Olson 1996).
 This perception of forest health has been used as a
 rationale to increase removal of dead, dying, and dis-
 eased trees (DellaSala et al. 1995, Lombardi 1996)
 and as a surrogate to increase harvesting to save
 timber-dependent communities (MacCracken 1996).

 The short-term effects of silvicultural presc-
 riptions such as regen-
 eration cuts, fuel-load
 reduction, and "sal-

 vage" cutting in old-
 growth stands may
 not be indicative of

 long-term impacts on

 pileated woodpeckers : ::
 (Bull et al. 1995). :
 Short-term documen-

 tation can lead to

 mistaken inferences

 because territorial fid-

 elity is strong in most
 woodpeckers (Law-
 rence 1967). At 4 of

 our pileated wood- Pileated woodpecker feeding exca-
 pecker nest trees, the vations in a western larch snag
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 Conk (fruiting body from heartwood decay) at the base of a
 western larch nest tree. Field assistant Laddie poses for scale.

 territory was not abandoned until several years
 after the surrounding old growth was logged.
 Short-term fidelity (mere presence) often is con-
 strued as evincing adaptability of a bird and lack of
 impact from logging. Longer-term effects are the
 important concerns, and they may be distinctly
 negative (Ruggiero et al. 1988). Forest management
 that emphasizes restoring forest health through
 routine cutting of dead, dying, and diseased trees
 and fire suppression can eliminate essential charac-
 teristics of old-growth western larch. According to
 DellaSala et al. (1996), low elevation, old-growth
 forests in western Montana have declined 80-90%

 since European settlement. A concomitant de-
 crease in pileated territories was evident from the
 absence of nests in young even-age stands that have
 replaced logged old-growth larch in our study area.

 Fire's role in western larch forests. Fire has
 played a key role in the evolution of several forest
 types that support pileated woodpeckers in the
 northern Rockies, e.g., western larch and pon-
 derosa pine (Habeck 1990). Perpetuation of west-
 ern larch, an exclusively seral, shade-intolerant
 species, historically has depended on recurring fire
 (Arno and Fischer 1995). Primeval fire regimes in
 some western larch forests of GNP included mean

 intervals of 140-340 years for stand-replacement
 fires (Barrett et al. 1991). The thick bark at the base
 of western larch endows it with exceptional fire
 tolerance, allowing large specimens to survive even
 intense fire while other species are killed. Because
 of its longevity (maximum >900 yrs), larch are
 often present as relicts (legacies) in stands of vari-
 ous ages (Fiedler and Lloyd 1995). Thus, old larch
 trees may survive fires over centuries, isolated or in
 groups or stands, providing nest and roost sites for
 pileated woodpeckers.

 Heartwood decay. Although the historic role of
 fire in western forests now is widely recognized by
 managers, the essential roles of natural diseases and
 decay generally have not received similar compre-
 hension (Christensen et al. 1996). "Forest land man-
 agers ... generally view pathogens not as essential
 to ecosystem function, but rather as nuisances that
 interfere with management objectives" (Castello et
 al. 1995:22-23). In general there is a positive cor-
 relation between forest age and amount of wood
 decay (Smith 1970). The importance of decay in
 woodpecker nest trees has long been known
 (Shigo and Kilham 1968, Conner et al. 1976, Harris
 1983). Pileated woodpecker dependence on heart
 rot in potential nest trees may depend on the tree
 species and geographical area. Conner et al. (1976)
 concluded that pileated woodpeckers selected nest
 trees with heart rot in the oak-hickory forests of
 Virginia. Harestad and Keisker (1989) found that
 heartwood decay was the most important factor in

 Western larch snag with multiple pileated woodpecker nest
 holes and an osprey nest on top. The snag is within an old-
 growth western larch forest.
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 nest-tree (primarily aspen) selection by all wood-
 peckers, including pileateds, in British Columbia.
 However, Bull (1987) concluded that decayed
 wood was not necessary for pileated woodpecker
 nest-tree excavations in northeastern Oregon.
 Although some of her nest trees were larch, most
 (73%) were ponderosa pine, the undecayed wood
 of which is softer (specific gravity=0.38) than west-
 ern larch (specific gravity=0.48). Other nest-tree
 species in our area have even softer (lower-specific-
 gravity) undecayed wood, e.g., grand fir=0.36;
 aspen=0.35; and black cottonwood=0.34 (Panshin
 and deZeeux 1970). However, they are less com-
 mon and the first two seldom reach the large dbh
 achieved by western larch. In our study, where
 western larch was the most commonly observed
 nest-tree species, analysis of excavation chips
 showed that heartwood decay was an important
 nest-tree characteristic. Because western larch has

 comparatively hard wood, pileated woodpeckers
 selected larch with heartwood softened by decay.

 Conclusion

 On a landscape scale, fire and heartwood decay
 organisms are both essential elements in a healthy
 forest, if healthy connotes a complete assemblage
 of ecosystem processes and components (Harvey
 1994). Deep fire scars at the base of western larch
 are common points of entry for heartwood decay
 organisms (Boyce 1930, Shigo 1969). Emphasizing
 individual tree health subverts the goal of ecosys-
 tem integrity and long-term sustainability of forests
 and their myriad biotic components such as the
 pileated woodpecker.

 "In recent years sustainability has become an
 explicitly stated, even legislatively mandated, goal
 of natural resource management agencies. In prac-
 tice, however, resource management approaches
 have often focused on maximizing short-term yield
 and economic gain rather than long-term sustain-
 ability" (Christensen et al. 1996:665). In the north-
 ern Rocky Mountains, tree decay, native insects, and
 fire are integral components of a healthy forest.
 Decaying and dead trees are essential components
 for the long-term presence of pileated woodpeck-
 ers in western larch forests. "Both quality and sus-
 tainability can be used as broad descriptors of
 ecosystem management goals, with more specific
 objectives set on an ecosystem-specific basis"
 (Wicklum and Davies 1995). In this context, quali-
 ty in western larch forests should focus on ecosys-
 tem completeness, not on subjective health criteria.
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